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Abstrat: Giant pulses (GPs) have been deteted from the pulsar PSR B0656+14.
A pulse that is more intense than the average pulse by a fator of 120 is enountered
approximately one in 3000 observed periods of the pulsar. The peak flux density of
the strongest pulse, 120 Jy, is a fator of 630 higher than that of the average pulse.
The GP energy exeeds the energy of the average pulse by up to a fator of 110,
whih is omparable to that for other known pulsars with GPs, inluding the Crab
pulsar and the milliseond pulsar PSR B1937+21. The giant pulses are a fator of 6
narrower than the average pulse and are lustered at the head of the average pulse.
PSR B0656+14 along with PSR B003107, PSR B1112+50, and PSR J1752+2359
belong to a distintive group of pulsars in whih GPs have been deteted without
extremely strong magneti field on the light ylinder.
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21. INTRODUCTION
Giant pulses (GPs) are short-duration flare-like inreases in the intensities of individual
radio pulses from pulsars. They reeived the historial name 'giant' for the Crab pulsar PSR
B0531+21, whih was disovered by Staelin and Sutton (1970) as a result of the detetion
of very strong single pulses. Suh pulses were subsequently alled giant ones.
This rare phenomenon was observed previously only in ten of the more than 1500 known
pulsars: PSR B003107 (Kuzmin et al. 2004; Kuzmin and Ershov 2004), PSR J0218+4232
(Joshi et al. 2004), PSR B0531+21 (Staelin and Sutton 1970), PSR B054069 (Johnston
and Romani 2003), PSR B1112+50 (Ershov and Kuzmin 2003), PSR J1752+2359 (Ershov
and Kuzmin 2005), PSR B182124 (Romani and Johnston 2001), PSR J18233021(Knight
et al. 2005), PSR B1937+21 (Wolszzan et al. 1984), and PSR B1957+20 (Joshi et al.
2004). Seven of them belong to the group of pulsars that also radiate in the high-energy
part of the eletromagneti spetrum.
We have searhed for and deteted giant pulses from the eleventh pulsar, PSR B0656+14.
This pulsar is also known as an intense soure of optial, soft ultraviolet, X-ray, and gamma-
ray pulse emission (Koptsevih et al. 2001; Shibanov et al. 2005).
2. OBSERVATIONS AND DATA REDUCTION
The observations were performed with the BSA radio telesope at the Pushhino Radio
Astronomy Observatory (Astrospae Center, Lebedev Physial Institute, Russian Aademy
of Sienes) with an effetive area at zenith of 15 000 m2. One linear polarization was
reeived. We used a 128-hannel reeiver with a hannel bandwidth of 20 kHz. The frequeny
of the first (highest frequeny) hannel was 111.870 MHz. The time referene during the
observations was implemented using a GPS reeiver.
The observations were arried out in the mode of reording individual pulses. Sine BSA
is a transit telesope, the duration of one observing session is limited to three minutes. In
one session, 520 periods of the pulsar were observed.
At the first stage of our searh for and detetion of GPs, from April 30 through May
30, 2005, the sampling interval was 2.56 ms at the time onstant τ = 3 ms. We arried
out 26 observing sessions ontaining 11 648 periods of the pulsar. After the detetion of the
first GPs, the observations were performed from May 31 through Otober 2, 2005, with a
3sampling interval of 0.8192 ms at the time onstant τ = 1 ms to inrease the time resolution.
In this mode, we arried out 86 observing sessions ontaining 44 720 periods of the pulsar.
Subsequently, all reords were examined, de-noised, and ompensated for the dispersion
delay in the interstellar medium. In the derived time series, we found pulses that exeeded
a preset threshold level of the signal-to-noise ratio and determined their amplitudes, dura-
tions, energies, and phases. We heked whether pulses belonged to the pulsar by a hek
determination of the dispersion measure from the maximum of the signal-to-noise ratio.
Figure 1 shows a sample reord of one observing session (August 8, 2005). One GP with a
peak flux density that is a fator of 630 higher than the average peak flux density of regular
pulses hidden in noise is distinguished in the reord of a sequene of 520 pulsar periods.
The deteted GPs are not the result of sintillations. The sintillation time sale in
the interstellar medium (de-orrelation time) for a pulsar with the dispersion measure
DM = 13.977 pc cm−3 at the frequeny of our observations, 111 MHz, is ∼ 1 min for
diffrative sintillations and ∼ 1 000 days for refrative sintillations (Shishov et al. 1995).
This is onsiderably longer than the duration of the observed GPs (no more than several
milliseonds).
To obtain the session-averaged pulse profile and math these profiles in phase for all ob-
serving sessions, we used the ephemeris of this pulsar from the ATNF database (Manhester
et al. 2005), inluding the dispersion measure DM = 13.977 pc cm−3.
3. RESULTS
In all 112 observing sessions (56 368 pulsar periods), we deteted 52 pulses with the
detetion threshold at a signal-to-noise ratio S/N > 5 (approximately one pulse in 1000
observed periods), inluding 19 pulses with S/N > 5.5.
We determined the GP flux density by omparison with the average pulse of this pulsar
with the measured flux density. The flux density of the average (period-averaged) pulse
SAP = 15 mJy for all 112 observing sessions was measured using the referene soure 3C
452; its flux density at 111 MHz was taken to be S = 91 Jy. The average pulse width is
w0.5AP = 30 ms. The peak flux density of the average pulse is S
peak
AP = SAPP/w
0.5
AP = 190 mJy.
The peak flux density of the strongest pulse, SpeakGP = 120 Jy, exeeds that of the average
pulse by a fator of 630. A pulse that is a fator of 120 more intense than the average pulse
4is enountered approximately one in 3000 observed periods of the pulsar. The measured
GP duration is w0.5GP = 5 ms. The dispersion broadening is ∆tDM = 1.7 ms and the time
onstant of the reeiver, 1 ms, does not distort signifiantly the pulsar GP shape.
Figure 2a shows the strongest observed GP together with the average pulse for all 112
observing sessions.
The GP brightness temperature is
TB = Sλ
2/2kΩ,
where λ is the wavelength of the reeived radio emission, k is the Boltzmann onstant, and
Ω is the solid angle of the radio-emitting region. Taking the size of the radio-emitting region
to be l ≤ cw0.5GP and the distane to the pulsar to be d = 0.76 kp (Manhester et al. 2005),
we obtain TB ≥ 10
26
K for w0.5GP = 5 ms and S
peak
GP = 120 Jy.
The energies of the strongest GP and the average pulse are, respetively, EGP =
SpeakGP w
0.5
GP = 600 Jy ms and EAP = SAPP = 5.5 Jy ms, where P is the pulsar period.
Thus, the energy of the strongest GP exeeds that of the average pulsar pulse by a fator
of 110.
Figure 3 shows the umulative distribution of the ratio of the GP energy to the aver-
age pulse energy F (EGP/EAP ), where F is the fration of the pulses with energies above
EGP/EAP . This distribution was onstruted from 34 GPs with energies that are higher
than the average pulse energy by a fator of 30 or more and losely orresponds to a power
law F ∝ (EGP/EAP)
α
, whih is typial of the GP intensity distribution for known pulsars.
The power-law index is α = −2.0 ± 0.3 .
For (EGP/EAP ) < 30 the ratio S/N < 5 and the distribution is masked by noise. For
this region, the dotted line indiates a possible log-normal intensity distribution lg F =
lg exp(−(a(EGP/EAP)
2 ) ,whih is typial of ordinary pulses (Cognard et al.1996). The
parameter a was hosen to be 0.08; at this value, the Gaussian distribution passes through
our pulsar pulse detetion threshold S/N = 5 at EGP/EAP ≃ 30.
The phases of the observed GPs are shown in Fig. 2b. The GP position is stable within the
average pulse and GPs are lustered at the head of the average pulse. The phase differene
between GPs (with S/N > 5.5) and the entroid of the average pulse is ΦGP − ΦAP =
−13.1 ± 2.4 ìñ.
54. DISCUSSION
The deteted GPs from the pulsar PSR B0656+14 as well as the previously deteted GPs
from the pulsars PSR B003107, PSR B1112+50, and PSR J1752+2359 have all the hara-
teristi features of lassial GPs: the GP peak flux density and energy exeed signifiantly
those of the average pulse, the GP energy distribution orresponds to a power law, the GP
duration is onsiderably shorter than that of the average pulsar pulse, and the GP phases
are loalized in a narrow emission window of the average pulsar pulse.
To larify the question of whether GPs are peuliar to a ertain lass of pulsars, whih is
important in searhing for GPs and analyzing their radio emission mehanism, we ompared
some parameters of the 11 known pulsars with GPs. The table lists some omparative
parameters of these pulsars and known energy harateristis of the GPs themselves.
The table olumns ontain the following data: PSR is the pulsar name, ν is the frequeny
at whih GPs were observed, P is the pulsar period, BLC is the magneti field strength on
the light ylinder, + or - in the next olumn mean the presene or absene of high-energy X
ray emission, and EGP/EAP is the inrease in the GP energy relative to the average pulse
energy.
GPs were first deteted from the pulsars PSR B0531+21 and PSR B1937+21 with ex-
tremely strong magneti fields on the light ylinder, BLC < 10
6
G. As a result, it was
assumed that GPs were inherent in pulsars with extremely strong magneti fields on the
light ylinder and the searhes for GPs were aimed at suh objets. However, in the pulsars
PSR B003107, PSR B0656+14, PSR B1112+50, and PSR J1752+23, the magneti fields
on the light ylinder are 4  5 orders of magnitude weaker and are the same as those in most
of the known ordinary pulsars.
Johnston and Romani (2003) believe that GPs are peuliar to pulsars that also radiate in
the high-energy X-ray part of the spetrum. However, 5 of the 11 pulsars, i.e., almost half
of the known pulsars with GPs, do not meet this riterion.
Knight et al. (2005) believe that GPs are inherent in pulsars with large rotational energy
losses, E˙ ∝ P−3 · P˙ . However, GPs have been deteted in pulsars with E˙ that differ by six
orders of magnitude and annot be an indiator for their searh either.
Giant pulses are observed over a wide frequeny range, from 40 MHz to 8 GHz, in pulsars
of various types with a wide range of periods, from 1.5 ms to 1.6 s, with magneti fields on
6the light ylinder from 4 to 106 G. Nevertheless, in the known pulsars with GPs, the flare-like
inrease in the GP energy is omparable in order of magnitude, EGP/EAP ∼ 20 − 200 .
5. CONCLUSIONS
We have deteted giant pulses from the pulsar PSR B0656+14. The peak flux density of
the strongest pulse is a fator of 630 higher than that of the average pulse. The GP energy
exeeds that of the average pulse by up to a fator of 110, whih is omparable to that
for lassial pulsars with GPs, PSR B0531+21 and PSR B1937+21. The emission energy
distribution orresponds to a power law with the index α = −2.0 ± 0.3. The giant pulses
are onsiderably narrower than the average pulse and are lustered at its head.
We performed a omparative analysis of the GP parameters for known pulsars. We
showed that GPs are inherent to pulsars of various types and that the flare-like inrease in
the radio emission energy in known pulsars with GPs differs by no more than an order of
magnitude.
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8Figure 1. Sample reord of the observing session for August 8, 2005. Time (520 pe-
riods of the pulsar with a time resolution of 0.819 ms) is along the horizontal axis; in-
tensity in arbitrary units is along the vertial axis. One giant pulse is learly seen.
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Figure 2. (a) The strongest observed giant pulse (thik solid line) in omparison with the av-
erage pulsar profile for all days of observations (thin dotted line). The peak GP flux density is
a fator of 630 higher then that of the average pulsar pulse. For onveniene, the average profile
is magnified by a fator of 500 and the flux densities of the giant and average pulses are indi-
ated separately on the left and right sales of the vertial axis. (b) Phases of the giant pulses.
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Figure 3. Cumulative distribution of the giant-to-average-pulse energy ratio for
the pulsar PSR B0656+14. Here, F is the fration of the pulses with energies
above EGP /EAP . The solid line indiates a power-law fit with the index α =
−2.0 ± 0.3 . The dotted line indiates a possible version of the log-normal distribution.
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Table 1.
PSR ν , MHz P , ms BLC , G X-rays
EGP
EAP
Referenes
a
B003107 40 942 7.0  14 1
111 8 2
J0218+4232 400 2.32 3.2 · 105 + 51 3
B0532+21 111-2228 33.4 9.8 · 105 + 80 4
B054069 1380 50.3 3.6 · 105 +  5
B0656+14 111 385 7.7 · 102 + 110 6
B1112+50 111 1656 4.2  16 7
J1752+2359 111 409 71  200 8
B182124 1517 3.05 7.4 · 105 + 81 9
J18233021 685 5.44 2.5 · 105  64 10
1400 28
B1937+21 1650 1.57 1.0 · 106 + 60 11
B1957+20 400 1.60 3.8 · 105  129 3
a
1  Kuzmin and Ershov, 2004; 2  Kuzmin et al., 2004; 3  Joshi et al., 2004; 4  Kostyuk et al., 2003; 5 
Johnston and Romani, 2003; 6  This paper; 7  Ershov and Kuzmin, 2003; 8  Ershov and Kuzmin, 2005;
9  Romani and Johnston, 2001; 10  Knight et al., 2005; 11  Soglasnov et al., 2004.
